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The far infrared radiation transmission of a highly doped InAs-GaSb superlattice as a function 
of the magnetic field, shows helicon wave propagation. The effective mass and the carrier density 
are determined from an analysis of the results as a function of frequency to be 0.0XZ~Q.005m0 
and 3.4X 10’” cme3~ The carrier density is equal to that obtained from Hail measurements. The 
effect& mass is significantly higher than the value expected from the InAs conduction band 
nonparabolicity ~~.~3~~~~. 
Several experiments have confirmed simple calculations of the subband 
structure and the effective mass in InAs-GaSb superlattices for the lowest 
electron subbands [I-3]. There is, however, much Iess experimentai informa- 
tion about the subbands at higher energy. Such information is interesting 
because of the specific character of the formation of subbands in InAs-GaSb 
superlattices [4,5]. It has been established that the band line-up between InAs 
and GaSb is such that the GaSb-VB (valence band) is about 150 meV higher 
than the InAs-CB (conduction band), Experimental facts about the lowest 
subbands therefore mainly probe the energy region where the bulk material 
bands would overlap, whereas the higher energy subbands are located in the 
energy gap of GaSb. 
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To obtain information about the mass at higher energies in InAs- GaSb 
superlattices, magnetotransmission experiments were performed on highly 
n-type doped samples (free carrier density II = 3.4 X IO’” cm ‘). Using the 
calculated subband energies and integrating over the density of states a Fermi 
energy of 340 meV is obtained which is 90 meV above the original bulk 
G&b-VB edge and therefore in the band gap of GaSb. The effective mass is 
determined from the analysis of the transmissi~)n as a function of frequency 
and magnetic field. which shows helicon wave propagation in the superlattice. 
Table 1 summarizes the properties of the experimental sample. The sub- 
bands are calculated by matching the InAs-CB and GaSb-VB and their 
derivatives at the interface in the two band k ‘p model as described in ref. [4]. 
In the calculation O.O23m,, and O.O52m,, are used for the effective masses of the 
InAs-CB and GaSb-VB respectively. The band gaps are 0.41 eV for InAs and 
0.X1 eV for GaSb. The energy difference of the Gash-VB edge to the InAs-CB 
edge is taken as 0.15 eV. 
Experimentally the t~nsmissi(~n at fixed photon energy is measured as a 
function of the magnetic field, or alternatively at fixed magnetic field as a 
function of frequency. For the measurements at fixed photon energy an 
optically pumped far infrared laser was used as a source and the field was 
generated with a 5 MW, I5 7‘ Bitter coil. The measurements at fixed magnetic 
field were done with a superconductive magnet and a Michelson interferome- 
ter. The sample temperature was 10 K for the measurement with the laser and 
1.5 K for the measurements with the Michelson interferometer. No tempera- 
ture dependence was observed in the data between 1.5 and 40 K. 
Fig. 1 shows typical results of the experiments at fixed frequency. For all 
frequencies an increase in transmission is observed at increasing magnetic 
field. The transmission reaches a maximum at a certain magnetic field and 
decreases at higher field. The transmission maximum is at the low field side 
accompanied by a shoulder, which is clearly visible at high photon energies. 
Both the position of the shoulder and the maximum depend on the photon 
energy. The increase in transmission is quite drastic: for a radiation energy of 
12.0 meV a factor 60 transmission increase is observed in the maximum 
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Fig. I. Far infrared radiation transmission of the sample as a function of the magnetic field for 
different radiation energies. The magnetic field is perpendicular to the layers and parallel to the 
propagation direction of the radiation. The insets show an amplification of the xhouldcr at the l<n% 
field side of the peak. 
compared with the zero field transmission. Fig. 2 shows the magnetic field 
position of. the maximum and the associated shoulder as a function of the 
radiation energy. The data from the interferometer are also included. The 
figure shows a linear relation between the position of the transmission maxima 
and the radiation energy, which extrapolates to zero field for zero energy. 
These results can be explained as helicon wave propagation inside the 
superlattice sample, which has 2 pm total thickness. The refractive index of the 
magnetoplasma inside the superlattice is a function of the magnetic field, 
therefore interference occurs when the wavelength in the material is an integral 
numbers times the superlattice thickness, giving rise to an oscillating trans- 
mission as a function of the magnetic field. Therefore a transmission maximum 
occurs for a magnetic field at which X/ZVr E, with X the far infrared wavelength 
and c the dielectric constant of the medium, equals d/N where d is the 
superlattice total thickness and N an integer. Using standard [6] formula for 
the response function of a plasma in a magnetic field under the conditions that 
the cyclotron frequency wC is of the order of the experimental frequencyw, 
much smaller than the plasma frequency wP and much higher than the collision 
frequency l,/~ (7 the scattering time), the dielectric constant of the magneto- 
plasma is given by: 
Here E, is the statistical dielectric constant of the medium, the + sign corre- 
sponds to the cyclotron resonance inactive (CRI) and the - sign to the 
cyclotron resonance active (CRA) polarization mode of the radiation. Propaga- 
tion will occur as c > 0 and this can only take place for the CRA mode as 
q. > w. Considering further only the CRA mode the condition for a transmis- 
sion maximum can be written as: 
(2) 
with B the magnetic field, ln* the effective mass, n the free carrier density, tO 
the permeability of free space, e the electron charge and c the speed of light in 
vacuum. 
The slope of the position of the transmission maximum as a function of B 
and w is determined experjme~tally and shown in fig. 2, From the two sets of 
maxima, which are assigned to heficon wave interference for N = 1 and It/ == 2 
respectively, the effective mass and the carrier density can be obtained. The 
best fit of eq. (2) to the experimental data yields n LT~: 3.4 X lO1’ and m* = 
0.082~2, (m, is the free electron mass). The fit is shown as the straight line in 
fig. 2. The value for n is the same as was obtained from Hall measurements 
(table 1). As can be seen from eq. (I), transmission occurs only for the CRA 
polarization mode. Therefore if the incident radiation is linear polarized the 
transmitted radiation will be circular polarized. This effect was experimentally 
verified. 
It may come as a surprise that the volume carrier density is found because 
the superlattice consists of equally thick layers of GaSb which contain no free 
carriers, and InAs which contain twice the volume carrier density. As is clear 
from the previous analysis the wavelength in the medium at the transmission 
maximum is respectively twice and once the superlattice total thickness for 
N = 1 and N = 2. This wavelength is in both cases much longer than the 
individud layer thickness of 150 A and therefore only the overai carrier density 
is observed. 
To evaluate the accuracy of the fit the two dotted lines in fig.2 represent 
extreme cases with n = 2.8 X 10’” cm ‘-’ with m* = 0.087~~ and n = 4.4 X 10lx 
cm 3 and m* = O.O74m,. Retaining the Hall value of 3.4 X 10” cmP3 for the 
carrier density, the effective mass can vary between 0.086~2, and O.O77m,,. 
It has been’shown [2,3,7J that the electron mass in InAs--GaSb superlattice 
is essentially given by the bulk InAs conduction band mass at an energy 
E = E, + E, with E, the energy of the lowest conduction subband measured 
from the bulk InAs band edge and E, the Fermi energy. With E = 0.34 eV for 
the present sample using the three band k . p model to calculate the energy 
dependence of the effective mass a value of m* = O.O63m,, is obtained, which is 
much lower than the value obtained from the experiments. It can easily be 
shown in a very direct way that a mass of O.O63m,, is incompatible with the 
experimental data. As can be seen from eq. (I) the dielectric constant is 
negative for wc ( w. Therefore the onset of the transmission takes place at a 
magnetic field for which t3 = G),, independent of the free electron density. For a 
mass of 0.063m,, wc corresponds to a magnetic field where for a given 
frequency structure is already visible in the transmission. Consequently the 
mass must be higher, 
In earlier work the effective mass of superlattices with a high Fermi energy 
due to either thin layers or heavy doping was determined through the tempera- 
ture dependence of the Shubnikov- De Haas effect 171. In this work also a mass 
enhancement which could not be explained by simple nonparabolicity was 
observed. The present experiments confirm this trent which at present is not 
understood. 
A mass enhancement due to many body effects as was obesrvcd in Si MOS 
[8] devices is very improbable here as a consequence of the weakness of the 
electron-electron interaction; the kinetic energy of the electrons here is much 
higher both through the lighter effective mass and through the high Fermi 
energy. In ref. (71 it was suggested that the influence of dipole layers at the 
interface may play a role in the mass enhancement. However. the layer 
thicknesses here (15OA) are larger than that of the samples in ref. [7] (90 and 
55 k) where a mass enhancement was observed, so these effectx should be 
expected to be less important. To be able to make a more explicit conclusion 
about the origin of the mass enhancement more accurate bandstructure calcu- 
lations of this type of superlattice than are available at present are needed. 
In conclusion it has been shown that helicon wave propagation in InAs 
GaSb superlattices is possible and that this effect provides a useful method to 
measure the carrier density and the effective mass. The results from the 
experiments are in close agreement with Hall data for the carrier density. The 
observed mass of 0.082 2. 0.005~1,~ is much higher than expected from the InAs 
nonparabolicity. 
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